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Beam experiment at ILL
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Ultracold neutrons

  800 Å, v  5 m/s, T  1.510-3 K, E  1.310-7 eV

Firs observation of UCN in 1968.
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NNbar via UCN

Nt2 – discovery potential

muon veto

calorimeter

pressure, 
magnetic 
shield

tracker

M.V. Kazarnovskii et al., JETP Lett. 34 (1), 47 (1981)
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MC model of UCN source with superfluid helium

(1) source chamber; (2) neutron guide; (3) UCN trap; (4) membrane in 

front of the inlet to the UCN trap;(5) pipe for filling the chamber; (6) pipeline 

for evacuation of the chamber (UCN gravitational shutter)
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What is the probability for UCÑ to be reflected?
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We can consider two cases:

1.

(pessimistic case) 

2.

(optimistic case) 

R  0

0 2 0 8R R ( . ) .   

U iW  for  n0

U iW  for  n0

4th UCN Workshop, Russia 2003

http://nrd.pnpi.spb.ru/UCN_CNS/ucn/fomin.pdf

http://nrd.pnpi.spb.ru/UCN_CNS/ucn/fomin.pdf
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Reflection coefficient for UCÑ

0 1 2 3 4 5 6 7 8 9 10
0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

E

/U

0
=0.1

~~

=0.2~

~

~

E

/U

0
=0.15

E

/U

0
=0.25

E

/U

0
=1

R



~ ~

~ ~

~ ~



9

UCN number in the trap for different storage trap radius
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2) collisions with walls 

3) exit through neutron guide 
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Nt2 for different storage trap radius
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Production of the source 108 UCN/s.
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Form of the storage trap
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Production of the source 108 UCN/s.
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UCN storage simulation

E=100 neV
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UCN storage simulation

E=200 neV
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UCN storage simulation

E=300 neV
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UCN storage simulation

the whole 
spectrum
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Design of the setup

1 – neutron guide, 2 - UCN trap, 3 - vacuum chamber, 4 – trek detector (inner 

part), 5 - magnetic shield, 6 - hodoscope (internal part), 7 - trek detector (middle 

part), 8 - hodoscope (external part), 9 - calorimeter, 10 – active shielding
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GEANT4 simulation

The detector efficiency is calculated to be (68±2)%

E.S. Golubeva, J.L. Barrow, C.G. Ladd, Phys. Rev. D 99 (2019) 035002
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Design of the setup
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UCN trap
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Vacuum chamber
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Magnetic shielding
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Magnetic shielding
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Design of the setup
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Size matters

ILL ESS UCN

UCN

ILL

ESS
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Schemes of UCN sources to compare the projects
for WWR-M reactor and PIK reactor
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UCN facilities at reactor WWR-M

The reactor is in the regime of long-term shutdown.
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UCN facilities at reactor PIK

There is no place for large facilities in the reactor hall.
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NNbar via UCN

source Ф(=9 Å), 

cm–2 s–1 Å–1

sensitivity, 

ILL units

comment

WWR-M 3·1010 10-40 The reactor is in the regime of long-

term shutdown.

PIK 109 1-4 There is no place for large facilities in 

the reactor hall.

ESS ? ? The possibility of NNbar with UCN 

should be considered.
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Conclusion

1. Designed storage trap for NNbar   

oscillation experiment: 

horizontal cylinder with diameter 2 m, length 4 m.

2. Increase of the experiment sensitivity is about 

10  40 times to ILL level at UCN source 

production 108 n/s.

3. Oscillation period for 3 years:
9(0.6 1.2) 10nn     s (90% CL)

Technical Physics Letters 42 (2016) 99

Proceedings of Science 281 (2016) 189

Journal of Physics: Conference Series 798 (2017) 012115
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